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KH Waves observed at DOW and NPOL
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Relate microphysical measurements by
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Measure precipitation processes and their

Shallow Kelvin-Helmholtz waves were frequently seen at the DOW due to persistent
easterly, shallow down-valley flow.
1507 UTC 5 December 2015 1708 UTC 5 December 2015 . . o - More widespread KH waves were associated with stable frontal layers when
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" e e VOO IR ¥ TR 5699 dey - TOS/ANS 10 complex terrain 5 _— ' They are not fundamentally related to orography, but can be modified by orography
| Differential Reflectivity, ZDR 1 Di i ivi - They are most identifiable in radar data when they disturb the brightband
4 | : | e i They do not significantly impact rainfall accumulations, but some evidence of

]. Il‘}ﬁlW'; ljli ',lﬂﬂ o ! 2 . Pl el :l‘\}: \_‘ 1;".1'.."1.} .'[:11-1!'7114"1 .'j:~' - - .- | . | "' - s rain o hreemene j . . .
! *\‘"vw}f!‘f,ﬂ ﬁ,lw e ARG A R AP Mook @ SrE microphysical enhancement (~ 0.5 mm hr1) in particular events.

Latitude

e

| { ‘el L
|[ H Rt P 1y Lis LI 2 -
| 1 | 5 LT WA "I I ' ; .5 e e e DOwW e o = RHI sector: DOW
LD Yy ”'llll
| |
) [

ll 6.0 - gl T .
k\w ml lﬂ\h % ‘ || I “L_ . . d i '\. 'l 4: |"| X I 1 IR | ‘ 1 .. 0.8 F I I m I n v rVI W |:] EC X-Band round obs sites uc Ie nlz or sector: EC X-Band
i f[ | ’['n ]' 0 AREEAE U o \ oIy fe-5 . Flshery Dlsdrometer
Ay .m]lull l| il I ]uun | g | e :.;~:,n.1 i : 7 Reﬂectlwty Spectral Width .. ZDF ER il o 2 (3250rr_gvl_q“tlugn“c_g_e“f."rhoH\l/ | | | oy ‘
Rl ,' A Al : . . . : . . - RN | - | ' = - . 1B i
" ||| | ZI:':E; ol ST B A | jil|-o s . OLYM PEX regIOnS |nCIUded ocean, W|ndwa rd S|de, h|gh terrain and |GESIde 1 0 ] PR | lsiesesicieany M. WO z:;
i A ) j ] bR Rt N PR R S Wi M-
: o A Ll T d . d . . b . R ot e A B A o N U S AR
N o - ; and the Quinault and Chehalis river basins

s n e e (A 4 "l \ NPOL radar on coast sampled ocean and windward side, the Doppler on (H waves observed in reflectivty, spectral width, ZOR and rhoHV at the DOW 16 UTC 17 Dec 2015 Black

Rainrate |

Us - ;
- : Sy
s ..' L vt
T ~ &

I-F!eighﬁt KM

= i
W F - 0.91 . - l ’ y y
F W a-u.-q _ﬁ’*n .-:;’ i LT i 10 20 30 40 50
15 1 Time since 16:00 UTC (min)
in rate Detrended

Detrended rainrate |

Cloud liquid water from Citation dots show position of the wave as determined from the spectral width. The waves aren’t seen in rhoHV

Wheels (DOW) sampled up the Quinault Valley. Both radars were since they are below the brightband in this case.
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More rimed particles Less rimed particles Environment Canada (EC) X-band radar on Vancouver sampled the leeside,
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Similar ‘waviness’ seen in the reflectivity and fall velocity observed by the MRR at the Fishery (10 |
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Dendrites, aggregates, plates More dendrites, some aggregates, and plates : A g ] ~10min, same frequency as the waves seen by the MRR and the KH waves at the DOW. nearly the same freq. as KH waves
Aircraft measurements by DC-8, ER-2 and Citation over all regions

Environmental characteristics documented by dropsondes (DC-8) and

rawinsondes at Quillayute (KUIL), NPOL and EC X-band locations
PrECIPItatIOn Cha raCterIStICS In Wa rm events OLYMPEX Precip (mm) 10-Nov-2015 to 1-May-2016

OLYMPEX Daily Precip (mm) 11/13/15 00:00 - 23:59 UTC Decrease further inland’ Lidar flights sl | |
Examining role of warm rain/ice processes - 52~ DA ( Aircraft el Qe [ e ST Comparing NPOL reflectivity to the DPR on GPM

in an atmospheric river event = . ey - Soundings D Surveys . .~ PMMEEE - This case on 17 Nov 2015 had a passage of a narrow cold
12-13 November 2015 \ ON b g L S | | 2 frontal rainband (NCFR).
» { N * :

Rain Rate Anomaly (mm/h)

lo/m®)

LWC King Prog

Height KM

0.4
03}
02}

> 01}

5 oo}

G

S 0.1}

- : 5 0 : - : g :
0 = ; 20 15:51 16:16 16: 41 17: 06 17:31 17:56 18:21 T 0.2}
15:51 16:16 16 41  17:06 17:31 17:56  18:21 A € o3

Height KM

W X s - - The RHIs below show the intense rainfall associated with
e v '- | " | . Y g the NCFR by NPOL and GPM, however GPM reflectivity

'Seedc"““ﬁ{:;“””"m’ _Warm Sector T oo} e LI Increase towards interior >
craves Cresk (178 mm)| 1 - S : : LV o IS e P echos are lower and the Ka-band does not show cloud

Wynoochee (264 mm) : = 7 . ] 46
troodeelotmn N NSNS N RN oA s echoes aloft.

Seed Orchard

N
u

N
o
!

=
u
T

=
()
T

km
NPOLQC DBZ RHI: 311 deg - 1171772015 19:51:03 . ke
2332 . ¢ ed a4 Custom  SAT GPM Cross Section 1171772015 20:01:41 istom  SAT GPMKA Cross Section 1171772015 20:01:41

Timeline of instrument operations .
P .1 NPOL Reflectivity ' | GPM DPR Ku-band Bl GPM DPR Ka-band

(92
T

Rain rate (mm h1!)

OLYMPEX : 3 5 S X1723

NWS/ASOS

SNOTEL |

Time (UTC) Other
Strong orographic enhancement for 18 hours. More rain at CRN Factor of 4—enhancement between _ . o _,
site compared to interior and higher elevation sites coast and inland sites. More during OLYMPEX in mm N i 1 ' : Loty Wi y

. . . | Nz LA [ lllll
precipitation at forward slopes than e ———— S T | A lllll b.'ﬁmllﬂ'
I [ L 1 B2 0 | |

A ’ ( 1.0 ...4' i Y I"'IIIHI | |I i

high elevation and interior locations - i ATH 8 i
What we observed during the ;. ™ ., | °
AT CFAD NPOL vs. Ku- and Ka-bands of DPR of GPM for ocean region only

L.t ‘ f T U ey ! 1 i
o o o o 5 : il W) e
‘J“ | |l||I ‘H: i u_\l ‘ i ) .
I n t e n S Ive o S e rva h o n p e r I O i vl R | NPO¥L Total N?rmahzefJ CFAD (PBZ) I 1.00 LCPM-Ku T!otal Norrrmallzed C¥FAD - O\!/er Ocean I 1.00 (GPM-Ka Total Normalized C CFAD - Over Ocean _ .
Lt O , i 1 é ; g | |

Seasonal precipitation totals observed - . v =l Brightband

CRN Parsivel DSD 2015-Nov-12

: poge— , : : , —— : : 104
Warm Sector N l

Reflectivity (dBZ)

0.95 0.95 : : : ; 0.95
0.85 : : 0] [EE I 0.85

Diameter (mm)
Drops per m* mm~!

0.80 0.80 | | 0.80

15 frontal systems, 10 prefrontal and RN Graves | e\ N ; o . B
y g P H| Scan from NPOL o o o L\ 58122 A~ loss

o 7 warm sectors, 6 postfrontal sectors Reflectivity at 0600 UTC 13 Nov. Bl N i

14 16 18 20 22Nov-1302 04 06 08 10 12 14 16 18 20 22Nov-l4 IR satellltelmage for 0600 UTC 13 Nov 2015 10,50
Time (UTC) ' G . ' f 10.45 gj‘;

| Cctmtri?bution tg togal rzf\in I':‘:lte py Pgrsiyel Qin | | Y . _ Velocity | Sampled by alrcraft i 1 Ho.40 ' 1 : i | foss

Frequency
Height (km)
Frequency

DBZ RHI: 290.001 deg - 1271072015 17:28:35 0.35 : : : : ; : : 0.35

NPOL Radlal Velouty ‘zl‘ﬁ:' ) ' d ] . P i | ? | Ho30 5 ; . i | ‘ 3 1 Ho30
T LA 3 major flooding events from atmospheric o | ozs

0.15 [ ; | I K I i E E 1 Jo.15
0.10 1 | 1 : 5 : | 0.10

river type storms, several moderate storms 1 . | Ak

=
w
I

20 30
Reflectivity (dBZ) Reflectivity (dBZ) Reflectivity (dBZ)

a nd 3 Wea k Sto rmS l .‘ h..:':' ml: ‘:v"“"‘l.fﬁljvli“ 9 M Ka-Ku Normalized CFAD (DBZ) - Over Ocea
J B TR T . The lack of echo aloft and reflectivity below 12 DBZ is most likely due K W K»u-d-lﬁ AAAAAAAAAAAAAAAAAAAAAAAA
3 occluded fronts and 2 cold fronts o SRR el | to expected minimum sensitivity thresholds. But the GPM Ka-band has

L w o sam p|ed by aircraft o il i i only slightly more sensitivity than the Ku-band (see right) and shows

012 ; — ; -b _A_L_ 1—;{1}1‘ h— LJ : ILA} N0-14 025 CRNDistance fronG¢£raM es
Hour (UTC) Low-level jet lifts at 20 km from NPOL. Drop | d b d k w1 G il |l attenuation at higher reflectivity. Explanations are being investigated
Orographic enhancement associated with large quantities formation and growth occurs below I\/Iany maore Ssampie y groun networ i | i -‘;;# i | ! by our team and other groups.

of <1.5 mm drops. These drops are responsible for the melting level ahead of terrain. Jet stops and radars
majority of the increase in rain rate lifting at 50-60 km from NPOL
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